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ABSTRACT 


This thesis is concerned with the synthesis of 
static context in Pascal programs . This context is 
synthesized during the declaration part of a program, 
to be used in performing context sensitive analysis 
during its action part. L-Extended Attribute Grammars 
(L-EAG) are used as a formal specification mechanism 
to build the static context. We have derived an L-EAG 
for PASCAL, conforming to the ISO standard. We des- 
cribe the structuring techniques and operators of the 
abstract data types, which define and synthesize attri- 
bute domains of the L-EAG. various domains used in syn- 
thesizing the context are presented illustrating their 
general structure.' The transformation rules for inter- 
preting an attribute grammar specification as a program 
are derived'.' This brings us closer towards realising 
an automatic context sensitive analyser generator system'.' 
The transformation rules are adapted to hand code a pro- 
gram which synthesizes the static context in Pascal 
programs'.' 



CHAPTER I 


PROLOGUE 

1".T MOTIVATION 

We are interested in systematic development of con- 
text sensitive analysers for programming languages* To 
this end, we must show that it correctly accepts or re- 
jects an input string, based on the specification of 
the semantics of the language". 

The strong formal background of context-free gra- 
mmers (CFGs) for exact syntactic specification of a 
programming language makes automatic generation of 
parsers an easy task'." However, inspite of the presence 
of various mechanisms for formal specification of 
context sensitive aspects of a programming language, 
none of them is strong enough to produce an automatic 
Context-Sensitive' " Analyzer generator system — since 
the transformation rules for conversion from formal 
specification to programs are still not well establish- 
ed"." We obtain a formal specification for the different 
context sensitive issues of a programming language in 
a manner suitable for ready implementation. The 
formal specification facilitates the proof of correctness 
of the developed program since the validity of the basic 
transformation rules ensure the correctness of the 
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entire program',' The formal specification* even* reveals 
hidden semantic irregularities of a programming language 
and thus helps in correct implementation of the defined 
language • 
r ."2 INTRODUCTION 

We have chosen the programming language standard 
PASCAL, ISO defined [Add 80]* for the systematic deve- 
lopment of Context Sensitive Analysis (CSA) phase of its 
compiler',' We assume availability of a context free 
grammar (CFG) specifying syntax of PASCAL* 

CFGs can only determine the context-free validity 
of an input string but they fail to ascertain the vali- 
dity of an input string under the semantic rules defined 
by the language',' Specifically CFGs cannot tackle the 
problem of scope rules* declaration before use* con- 
sistency of use with respect to declaration and detec- 
tion of improper uses in a programming language like 
PASCAL',' Thus we need to have a formal specification 
mechanism capable of specifying context sensitive issues 
of a programming language',' 

Although not capable of specifying context sensitive 
issues of a programming language*' CFGs possess the 
desirable properties of readability* strong formalism 
and the deterministic CFGs used in practice ensure 
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unambiguity of language definition'.' Thus in all likli- 
hood # more powerful mechanism for formal specification 
of CS A that matches the success of CFGs will have to be 
a clean extension of CFG*' 

A few well known formalisms available are van 
Wi jnqaarden grammars, yienna Definition Languages and 
Attribute Grammars [Mi®- 77]'.' We have chosen L-Ext ended 
Attribute grammar specification mechanism (an enhanced 
version of attribute grammars) mainly due to the ease 
with which it can be integrated with LL-1 parsing". 
Attribute grammars offer the advantagesof readability 
because of their explicit attribute structure and 
distinction between "inherited" and "synthesized" 
attributes and the clear visibility of the underlying 
context free syntax! This also makes attribute grammars 
suitable for automatic compiler construction! The other 
formalisms tend to produce language definition which are 
not easily readable and do not offer the advantages 
inherently present in attribute grammars"! 

1"!3 SCCPE OF THESIS 

This thesis deals with the synthesis of static 
context in PASCAL programs'! Static context synthesized 

, _ 'l 

during declaration part of the pascal program s will be 
required for performing Context sensitive analysis during 
their action part'! 
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Each identifier declared in Pascal programs is 
associated with a set of attributes.' Upon occurrence 
of declaration of an identifier in pascal program* this 
set of attributes are evaluated and the previous context 
is updated by inserting in it the name of the identifier 
alongwith its synthesized attributes'.' 

Structure of declaration and semantics rule of the 
programming language dictate the rules for attribute 
evaluation of a declared object and determining exactly 
at which place this object alongwith its synthesized 
attributes is to be put in the context'.' 

Example 

If an identifier is declared in the CONST declaration 
of pascal program then it is put in the environment of 
the Block at top of the SYMBOL TABLE* whereas if the 
identifier is declared as a field of the record it is 
put in the local environment of the RECORD structure'.' 
Further if the field declared in a record is of enumera- 
tion type then the semantics rules of PA SOIL dictate 
that the corresponding enumerated constants encountered 
are to be put in the environment of the Block at top 
Of the SYMBOL TABLE.' 
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1*4 STRUCTURE OF THESIS 

Chapter II deals with the L-At tribute grammars and 
their use in specification of static context! Section 
2'.‘1 is a brief presentation of attribute grammars* their 
definition and fundamental problems associated with them.! 
Next' section describes L-At tribute grammars* nature of 
dependencies in them and their suitability of integration 
with LL-1 parsers* Finally the use of L-EAG for 
synthesis of static context is illustrated'.' We discuss 
about various domains* abstract data types and the 
operators associated." Local extensions to EAG are also 
described." 

Chapter III discusses the implementation of static 
Context Synthesizer".' Transformation rules to convert 
formal specification in attribute grammar to a pascal 
program and Pragmatic Transformation Strategy (PTS) are 
derived in first section." These are* subsequently* 
illustrated through an example of generating program 
segment from L-EAG production. Next we describe 
various significant domains and their structure used 
in the Symbol Table construction. In the end* we 
briefly present our experienes in program construction 
by transformation rules." 
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The concluding chapter IV describes some observations 
and experiences regarding transformation rules 4 hand 
coding of the routine for the CSA phase of the PASCAL 
compiler and the utility of a formal specification of 
the problem* It also points out possible improvements 
in program coding and provides some suggestions'* 



CHAPTER II 


L-ATTRIBUTE GRAMMARS AND THEIR USE IN SPECIFICATION OF 

STATIC CONTEXT 


2 .1 ATTRIBUTE GRAMMARS 
2.1.1 DEFINITION 

An attribute grammar is an ordinary context free 
grammar augmented with attributes and semantic func- 
tions and constraints.' 

Formally it can be defined as [wm 77] 

G = <D,V,S,B,P> 

whose elements are defined in the following paragraphs'. 

D =s ( Dl ,D 2/ ..., is an algebraic structure 

with domains D-^,D 2 , and (partial) functions f ^ # f 2# ...' 

operating on cartesian products of these domains'.' Each 
object in one of these domains is called an attribute '.' 

V is the vocabulary of G'.' v = V N U V T where V N = Non- 
terminal symbols and = Terminal symbols'. Each symbol 
in V is associated with a fixed number of attribute 
positions '.' Each attribute position has a fixed domain 
from D, and is classified as either 11 inherited * 1 or 
" synthes ized " '.' 

The attributes of a symbol X £ V identify the 
various components of its "meaning** '♦ Inherited attri- 
butes transmit information down the parse tree toward 
the leaves, while synthezied attributes transmit informa- 
tion upto the tree toward the root'.' 
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s * a member of V N# is distinguished nonterminal or 
start symbol of G'.' 

Start symbol has no attribute positions since it 
can have no ancestors;' Terminal symbols have no in- 
herited attribute positions as they have no associated 
semantics'# 


Let v be ary symbol in V having £ attribute positions, 

whose domains are D^, ... D p respectively'.' If a^a^, 

a are attribute variables in the domains D, , .... D 

P 1 p 

respectively, then 

v t a i • • * t a p is an attributed symbol . Where each 
denotes either i or + , prefixing an inherited or 
synthesized attribute position, as the case may be'*' 

B is a finite collection of attribute variables.' Each 
variable has a fixed domain chosen from £>'•' 

P is a finite set of production rule forms , each of the 
following form: 

p ; : -> X, X 0 X and a set of semantic rules.* 

0 12 np — — 

where Xq,X^,X^# X are attributed symbols';' 

If an attribute a belongs to attributes associ ated 
with X^ then ( a,k ) is defined as an attribute 
occurence in production j># 

Inherited attribute positions on LHS and synthesized 
attribute positions on RHS of a producticn rule are called 



Synthesized attribute positions on 
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LHS . and inherited attribute positions on RHS of a produc- 
tion rule are called applied pcs itions # This classifi- 
cation is illustrated below s 

^ ^ ^ ^ ^ *" m *^b* *\Jf > ' 4 . 9 41 4ft ^ 4ft ^ 4ft £ * t \jF ^ ^ ^ ^ 

X ^ 

def app app. def app def 

Semantic rules consist of semantic functions and constraints 
Semantic functions 

For each attribute occurrence (a,k) at an applied 

position in production p # there is an associated semantic 

function f? . > • The semantic function determines the 
/k) 

value of the attribute occurrence as a function of values 
of certain other attribute occurrences in the same produc- 
tion'# It specifies the meaning of a parse tree locally, 
in terms of only a node and its immediate descendents#' 

The dependence of an attribute evaluation on other attri- 
butes gives rise to the concept of the dependency set <_ 
[Boc 76] which is defined as follows s 

Dependency set ^ is the set of attribute 
occurrences whcs e values are used f orthe evaluation of 
the attribute occurrence (a,k) by semantic function 
f^a Thus the semantic function f^ a cannot be 

evaluated until all attribute occurrences in its j 

dependency set D^ a ^ have been computed’;' This 
constraint is known as Dependency Constraint '# . 



10 


Constraints 

They are expressed as a relation between attribute 
variables and must be satisfied in each application of 
the associated production rule'.' 


2.1.2 FUNDAMENTAL PROBLEMS 

(1) Circularity : It is concerned with the depen- 
dency of evaluation of two attributes on one another and 
is defined in terms of Dependency Graph [kr 79 ]'• 

Dependency Graph ; Dependency graph for a production 

p. denoted by DG , is a tuple (D V , DE )'• Where DV is 

p P P P 

a set of vertices each of which is an attribute occurrence 


in production £ and. DE^ is the s et of directed edges 

joining two vertices V ^ and V^. 

Formally it is defined as: 

DG = (DV , DE ) 

P P P 

where 

DV^ = { (a # k) | a c A(X ^) , 0 < « K < = nP } 

and A(X^.) = attribute ocurrences associated with 


and 

DE„ 


(<(a 1# k 1 ) / (a 2# k 2 )> ( (a^k^) e 


There is a directed arc from attribute occurrence 0^ 
to occurrence 0 2 if belongs to dependency set of 0 2 ".' 
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Dependency Graph (DG) for a parse tree of a sentence 
in the attribute grammar is obtained by pasting together 
DGg for each production occurring in the parse tree*' 

Now we can define circularity in terms of Dependency 
Graphs',". If the Dependency Graph of a parse tree contains 
a directed cycle,, then some of its attributes cannot be 
determined as they depend on one another! Such a tree 
is semantically circular and the corresponding a ttribute 
grammar is also circular'.' 

(2) Order of Evaluation of Attributes ; Order of 
evaluation of attributes in a parse tree must satisfy 
the dependency constraints',' 

Thus the use of an attribute grarrtnar requres to show 
that there are no circularities present in it',' Testing 
for circularity has been described in [Knu 68 ],' Depen- 
dency constraint is the only constraint on the order of 
evaluation of attributes imposed by an attribute grammar. 
Thus we must find a specific order of evaluation of 
attributes in an attribute grammar production which 
obeys this constraint'." 

2 ".'2 T .-ATTRIBUTE GRAMMARS 

Consider an attribute grammar rule of the following 
form* 

V + + • *v v L + .*r.* + .V„ v;'V/ v ro + ".V. + V..- 

( 1 ) 
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An attribute grammar is L-attributed # if and only if* 
in every such rule, and for every 1 = 1, m, no 

inherited attribute of V. depends on a synthesized attri- 


bute of any of V., V 

a m 

Given an attribute grammar, the attributes of any 
derivation tree can be evaluated from left to right 
if dependency sets of semantic functions of any produc- 
tion p.: X n -> X X of the grammar satisfy the 

U i. Dip 

conditions : 


(1) D? x fl S = 0 
^s,o ; o 

For all synthesized attributes s e s(X Q ); where 
S o “ S(X o ) 


(2) D?. . ns l/g, (I -US.) =0 

(1,3c) o. J=k j j 

For all K = 1, n^ and i e Kx^); Here I stands 

for inherited and S for synthesized attributes';' 

L-attribute grammars satisfy these conditions'.' 

Hence, if the underlying CFG of an L-attribute Grammar 
is LL ( 1 ) , attribute evaluation can be performed along- 
with the parse tree construction in a single left 
to right pass'.' 

The evaluation of attributes in an L-AG production 
of form (1) proceeds as: 

For each V^, i = 1, m,- first its inherited 

attributes are evaluated (using the inherited attributes 
of V and the synthesized attributes of V^, V ^ ) , 
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then the subtree under is /traversed* resulting in 
the evaluation of the synthesized attributes of V/.’ 
Finally any constraints are checked, and the synthe- 
sized attributes of V are evaluated (using all the 
attributes in the defining positions of this production) , 
thus completing the traverse of the subtree under v." 

2-3 L-SXTENDED ATTRIBUTE GRAMMARS 

The essential difference between an attribute 
grammar and ai extended attribute grammar is that the 
attribute positions in an EAG production rule may be 
occupied by attribute expressions rather than just 
attribute variables".' This relaxation allows all rela- 
tionships among the attributes in each productions to be 
expressed implicitly so that explicit semantic rules and 
constraints become unnecessary"*" 
l Formally; 

A production of EAG is : 

p* — > X, VV." X where X. for i = 0, m 

* 0 1 np r p 

is an attributed symbol represented as: 

x i t e x t e 2 *• * $ e k 
where e^ is an attribute expression'* 

An attribute expression is one of the following: 
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(1) A constant attribute 

(2) An attribute variable 

(3) fie,* ...* e ) vhere e 1 , .../ e are attribute 

X- m X m 

expressions and f is an appropriate (partial) 
function chosen from domain D". 

EAGs are intended to preserve all the desirable proper- 
ties of attribute grammars , but at the same time are more 
concise and readable".' They allow generative definition 
of languages rather than algorithmic definition "«" 

L-at tribute grammar with the same augmented rules 
is called L-ext ended /Attribute Grammar. 

2V4 USE OF L-EAG FOR STATIC CONTEXT 

We have specified all the context sensitive issues 
[wat 79] 

of PASGAL in L-EAG* This gives a formal specification 
of the static context in Pascal programs." This formalism 
dictates the algorithm for synthesizing the context in 
pascal programs"." in this section we describe abstract 
data types, alongwith their operators, used in L-EAG." 
Local extension to EAG and a few deviation from statdard 
EAG are also discussed. These modification preserve 
the basic properties of L-EAG V 
2 ."4.1 ATTRIBUTE DOMAINS AND THEIR OPERATORS 

All the attribute domains used in L-EAG specification 


are listed in Appendix 2u This list consists of base 
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domains as well as of complex domains - ;' Complex- 
domains are constructed from the base domains using 
composition rules employing the concept of abstract 
data types [ddh 72].' We # brief ly, present various 
abstract data types alongwith their operators below: 

r; set 

Let D be a domain and S = { D }* ThanS is a domain 
consisting of values from powers of D‘.‘ If x e S then 
x e 2 => x C D - . - S is defined as a set - * Various 

operators defined over such sets are: 

(a) Membership * (b) Union (c) Set difference 

(in our case this is used to delete an element 
from the set ) . 

The meaning of these operators is self-explanatory - . - 
2 * CARTESIAN PRODUCT 

If T^# •Vm, T n are domains and g^, ...» g n are 

distinct names, then P = (g^ • *V* f <3 n • 

is a cartesian product with field selectors g^, .. . t g^V 

For every a 1# in T^ # . * .# every in T n , ( a p^ a 2 # * * * a n ^ 

is in P - ; - This is the composition function for the 

cartesian - ;* Operator defined over cartesian product is 

Selection: for every p in P and for every i = 1, .. • / n, 

til 

p. # q. is in T. and denotes the i 
i r 


filled of PV 
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Example : 

MODE = (kind : KIND; type : TYPE; level : LEVEL); 

MODE is composed of three component domains KIND, TYPE 
and LEVEL*. MODE kind denotes the domain KIND'* 

3'.' DISCRIMINATED UNION 

If T, , VVV., T are domains (or cartesion products 

J. Hi 

of domains), g, , VVV# g and t , V.V, t are distinct 

n JL m 

names, then 

u a (SEL £ SELECTOR; (g^t^^) | 9 2 ^2 lT 2^ ^ ••• 

I - n ^ir s T ix >> 

is a discriminated union with selectors g^, VVV, g V 
t , VVV, t are distinct names',' For every i = 1, V V • , n, 
g^ is a composition function from to UV If any 
is void, then we abbreviate Q-j^b^sT^) to g^V SELECTOR 
is a domain consisting of composition functions g^, VVV, 
and SEL is in SELECTOR'* At a time only one composi- 
tion function is active which defines UV SEL acts as 
a discriminator to decide which g^ is active'*' 

Operator defined on Discriminated union U is selec- 
tions 

If SEL *= g. then T, defines U and UVt. is accessible'* 

x x 

4V MAPS 

\ 

If D and R are domains, then M = ( D — > R } is the 
domain of (partial maps) from D to RV { ) denotes the 

ma-p defined at no point in DV Let d^, VVV, d^ be 
distinct elements of D and r^, VVV# be in RV ; 
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If m b (d -> r., 111, d. -> r >and rails in M 

«L •li- XX 

then rn denotes a map defined at points d^ # d^ # .../ d^ 
and nowhere else! 

Operators defined on Maps 

( a ) Membership ; Membership of d inD is defined if (d -> r) ei 
where r is in R and m is in Ml" 

(b) Address : If membership of d is defined in m then 
address (d) gives the address of entry (d r) in map ml 
(e) APPLY : For every d in D and m in M, mr[d] either is 
in R (i.'el, (d r) e m, where r e r) or is undefined* 
This is also known as the application function for a 


map Ml 

(d) Dis joint Union: For each m^ and im, in M # if m 2 

is the disjoint union of m^ and m 2 . rn^ tf ir^ is undefined 
if, for any d in D, both m^[d] and £d] are defined, 
otherwise 

(m^ t m^) [d] S if m^[d] is defined then m^[d] 

else ra^Ld] 

(e ) Overridden : For each and m 2 in M, is the 

map overridden by rr&p m 2 ; ilel, 

(ra^/m 2 )[d] 85 if m^d] is undefined then m^[d] else m 2 [d] 

(f) Modify ; Let (d -> r) e m where d £ D and r e Rl 
Consider a rap d r^, r^ e R' # ‘ modify (d r) to (d->r^) 
in m is accomplished as follows; Delete the element 
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(d — >• r) from domain m e M and then take disjoint 
union of m with f d } i'le'l, m t { d -> r^)! 

Example 

ENVIRON = { NAME MODE > 

Let Symbol table lx- an attribute cf domain ENVIRON;' 
APPLY function applied to symbol table and name indicates 
whether an identifier is previously declared, and if 
declared, it returns the attributes of the identifier 
( i.'el, MODE of identifier)'.' 

Disjoint Union helps in detecting multiple declara- 
tions „ 

Overriden rule is useful for implementing scope 
rules of a block structured language.' 

57 SEQUENCES 

If D is a domain then S = D* is the domain of 
sequenoes of elements of D [ ] denotes an empty sequence! 

If s is in S and d D, then d”* s denotes the sequence 
obtained by appending d to the left of s'! 

Operators defined on sequences 

(a) Occurrence test ; It checks whether d is in s or not'! 

(b) Appendlast : Appendlast (S,d) = s “d 

(c) Appendfirst : Append first (s,d) » dTs 

(d) delete (d) : Delete all occurrences of d in s'! 

( e ) disjoint append : If occurrence test (s,d) = false 

then Appeniast (s,d) else undefined'! 
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(f) CAR : ChR(s) gives the first element of s'. 

(g) CDRi CDR(s) gives the remaining sequence after 
deleting the first element'.' 

2 .;4V2 local extensions to eag 

In general, an EAG is a straight forward extension 
of context free grammar 'i' However, in our application, 
it is convenient to use Right Regular part (RRP ) 

CFGs'il Therefore the EAGs we need require to be suitably 
extended to provide for the occurrence of the Kleene 
operator ( { } 3t ) in the right hand side of the prod- 

uctions - ;" The extension to EAG is illustrated through 
an example *. 

Consider a production with Kleene operator in the 
RHS expressed in extended EAG fart: 

<Term ixt x^> -> <Factor 4- x + x_> 4 x^{ <MULOP> 

<Factor 4 x^ix 3 } 3 £ +x 3 <Here x 2 = x^> 

CD 

This production is expressed in stadard EAG with an 
underlying conventional CFG as: 

<Term *x, 4 -*>* <Factor 4 x 4 x^> <A 4 4 x^> (2 ) 

<A 4 Xp + x^> -> Lamda <Here x 2 * x^> (3) 

<A 4x 1 + x 2 > -> <MULOP> <Factor 4X^ 4 x 3 > 

<A 4 x 3 4 & 2 > 


(4) 
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In the production (4), the inherited attribute 
of A on LHS is x-^ whereas that on RHS is x 2 * This 
inherited attribute to A chafes every time * Factor* 
is parsed'." The same effect is to be achieved by 
proper extension to EAGs for production ( 1 )." This 
is accomplished a s follows : 

Kleene operator ( { } ) is considered as a non- 
terminal attributed symbol with input and output attri- 
butes'." input attributes are always inherited and 
output attributes are always synthesized".' After each 
parse of Kleene operator every input attribute with 
attribute position i takes the vilue of the output 
attribute with the same attribute position .1* 

In our exanple the input attribute is x-^ and output 
attribute is x^l" After each parse of kleene operator 
the assignment x^ := x^ takes place". 

Production (1) can be equivalently written as; 

<Term 4-x + x 2 > -> <Factor + x + x^> <Here x 2 = x^> 

4 - x 2 { <MUL0P> <Factor 4- + x 3 > tx 3 

' This extension to EAG provides a concise notation 
for expressing Right Regular part CFGs in attribute 
grammar rules thus improving readability";" Pascal syntax 
contains many RRPCFG productions; This extensions pre- 
serves all the basic properties of EAg;" 
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2*4 .3 DEVIATIONS FROM E3S 

In an EAG there may be different paths for evaluating 
the attributes depending upon the value of one or more 
attributes.' This may give rise to a large number of prod- 
uctions'.'. 

Example 

(1) <Domain type 4- symbol table + local table + ptr names 

•fptmamesdef + address + typevar flag 
+ local tableout + level> 

Ident 4- Name <Required Name e (Symbol table / Local table )>■ 
<Here Address = Address (Name )> 

<where Address'.Mode'.'Kind'.'Kindtag =s typee> 

<Here local tableout = local table> 

(2) <Dcmain type + symbol table + local table 4- ptr names 

+ ptrnamesdef + address + True 
+ localtableout + level> — >• 

Ident + Name <Require Name does not belong to 
(Symbol tc&>le / local, table )> 

<Here local tableout = local table yt {Name -*► (typee* 

void; level)) > 

<Here ptr natesdef = ptrnames'“name> 

<Here address = address (Name )> 
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(3) <Demaintype + Symbol table + local table 4- ptmames 

+ gtrnamesdef + address + false + localtableoufc 
4-level> -> 

Ident + Name <Required Name does not belong to 
( Symboltable/Localtable ) > 

<ERRCR . . *> 

We have reduced the number of productions to a 
minimum by using explicit selection of evaluation paths 
taking the values of one or more attributes as a criterion 
for selection'.' 

Thus in the modified EAG, the three productions of 
the above example are merged into one as: 

<Domain type + Symboltable + localtdie + ptmames 
+ptrnamesdef + address + typevarf lag 
+ locafcableout + level> 

Ident + Name <Here Flag = Name e (Symboltable/Localtable )> 
Flag 7 

TRUE : <address = address (Name)> 

<where address .Mode .Kind. Kin dtag = typee> 
<localtableout = localtable> 

FALSE: 

Typevarflag 7 

TRUE: <localtableout = localtable 

t { Name (typee; void; level) } > 

<Ptrnamesdef = pt rname s"*Name> 

<Here address « address (Name )> 

FALSE: <ERROR ...' > 
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IMPLEMENTATION OF STATIC CONTEXT SYNTHESIZER 

In this chapter we describe actual implementation 
of static context synthesizer whose formal specifica- 
tion in L-EAG has been derived in the previous chapter'.' 

We derive transformation ruls to convert L-EAG specifi- 
cation into a pascal program',' We have adopted Pragmatic 
Transformation Strategy (PTS) in the actual implementa- 
tion* Symbol Table contains the context synthesized 
during declaration part of PascSL programs. Symbol 
table construction and various domains used in the 
process are presented in this chapter';' 

3".i CORRESPONDENCE BETWEEN ATTRIBUTE GRAMMARS AND 
PASCAL PROGRAMS 

In this section we attempt to provide transformation 

rules to convert our formal specification into equivalent 

PASCAL prograffiV The correspondence between a ll(1) CFG 

specifying context free syntax of PASCAL and an equivalent 
program 

PASCAL /has been established in [DAT 8l].' We extend this 
correspondence to produce transformation rules for con- 
verting attribute grammar specification# specifying syn- 
tactic and context sensitive issues of PASCAL# into an 
equivalent program'.' 

The attribute grammar is expressed in modified extended 
BNF (MEBNF ) ’*’ The input to transformation rules is MEBNF 
specification of our attribute grammar. We had to modify 
EBNF so as to include explicit attribute structure & eva Inatian 
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rules of the attribute grammar." In an MEBNF production 
we use attributed symbols and specify explicit attribute 
evaluation rules".' Analogus to the local extensions to 
EAG described in Section 2.4 ‘.'2". the kleene operator 
( { ) ) in MEBNF is associated with input (inherited) and 

output (synthesized) attributes with the same semantics';' 

We follow the following conventions in MEBNF specifications 

Attributes associated with symbols and Kleene operator 
in MEBNF have the following semantics: IA = Set of inherited 
attributes and SA denotes the set of synthesized attributes';' 
Each production in MEBNF contains some "rules"';' The non- 
terminal "producticn" in MEBNF is associated with a set 
of semantic functions Fq, F Q , F^ (i = 0, 1, and 

F-^Ck = 0,1, 7)'.' Some of these functions may be null'.' 

These semantic functions take values of eertain attribute 
variables as input and produce the value of an attribute 
variable as output* Superscript on a function signifies 
the name of nonterminal on the LHS of a MEBNF production 
in which this function is invoked';' For each instance 
"production” the set of semantic functions associated 
refreshed to a new set derived from the corresponding 
production in attribute grammar'.' 

MEBNF productions are described below: 
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<Prodlist> -> <Production> { , <Prodction> } 

<Production> -> <NTSYM IA, SA> n ~>" <Exp IA, SA^ 

Rule (SA = Fq(XA # SA 1 )) 

<Exp IA#SA> <Term IA,SA> {" j , '<Term IA#SA> > 

<Term IA # SA> ~> <Factor IA#SAj> Rule dA^F^dA^SA^) ) 

Rule ( SA. . = SA n ) (Rule (1 = 0) 

Ml 

+IA 2 (<Factor IA 2 ,SA 2 > Rule(SA M =SA M U SA 2 ) 

Ruled. = 1+1) > + F^CtA^SA^) 

<Factor IA#SA> — > " ("<Exp IA # SA>") , ‘ 

|"[ H <Exp IA#SA>" ]" 

[ ( Rule ( IA^ = Fq(IA)) 

+ IA 1 r, {" Rule IA m = F^(IA # lA 1 )<Exp 1^, 

SAj> 

Rule sa 2 = t sa 2 ) 

|(Rule(SA 1 - F 2 (IA)) <Terminal SA 2 > 

Rule (SA = f^(IA # SA 1/ SA 2 ))) 

| (Ruletl/i^ = Fg ( XA ) ) <Nontermina 1 Ih^SA^> 

Rule (SA b Fg ( IA # SA ) ) ) ' 

Now we describe correspondence between an attribute 
grammar# expressed in MEBNF# and equivalent PASCAL program'.' 
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Rules? ti0nS and Ter minology used in Deriving Transformation 

1 * Let NT be an attributed symbol in MEBNF* p (NT) signi- 

fies the program segment corresponding to the symbol NT 
of MEBNP'i 

2 • The routine EVALUTE generates a program segment for 

evaluating the expression given in its argument* EVALUATE 
is used for evaluation of an attribut e encountered during 
passing of an attribute gramna: production* Appropriate 
semantic' function, specified, in the argument to 
EVALUATE* is invoked during the attribute evaluation"* 

3“* Let A be an attribute variable* 

DQMAlNTYPE (EVALDOM(A) ) is a function which returns 
the DOMAIN TYPE of the attribute variable A*" 

4* We have not provided the rules required for producing 
the list of declarations local to each generated 
procedure for storing the attributes in a production 
that are not associated with the left hand side 
nonterminal." 

5". Let l be the set of accessible local attributes* as 

considered in (4), i'.e"."* No attribute in L is associated 
with the LHS nonterminal in a production! Invocation 
of any semantic function assumes that L is present 
in the domain of this function* 
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3,2 ~ iTIC trans f ormation strategy (pts ) 

Here, we describe transformation strategies which we 
ha-ve followed while converting our formal specification 
into an equivalent PASCAL program;' These strategies are 
highly suitable for pratical implementations and are aimed 
at higher run-time efficiency by reducing memory require- 
ments. The ensuing discussion assumes that the language 
chosen for implementation is block structured;' 

The transformation rules derived, for converting an 
attribute grammar specification into Pascal program, in 
previous section suggest that an inherited attribute 
can be treated as a VALUE parameter and a synthesized 
attribute to a non-terminal as a VAR parameter to the 
corresponding procedure in Pascal;- In practice the trans- 
formation rules derived in previous section suffer from 
lot of drawbacks* The drawbacks are as listed below: 

(a) Hfest of the procedures require very large number 

of parameters* 

(b) Static nesting structure of the resulting program 
is not taken into account;' The transformation rules do 
not give any information about it;' 


(c) If proper block structuring is used, many identi- 
fiers may have unique use in their scope'; But as these 
identifiers are local to all the procedures (in which 

they are used) they require a lot of memory li>acet A ^ 

^ fiAsL Up 

A 6 S 8 6 J \ 


Nql 
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(d) Attribute variables for local use in a production 
(not passed as either inherited or synthesized attribute 
to any symbol) are not taken into account'.' 

We have circumvented these drawbacks by adopting a 
Pragmatic Transformation Strategy (PTS) / described below: 

(1) We have derived static nesting structure of the 
resulting program based on its CALL GRAPH'.' We make use 
of static nesting structure in converting formal speci- 
fication in L-EAG into program".' 

(2) For each attribute to a nonterminal in the left 
hand side of an L-EAG production the following actions 
are taken with due consideration to various factors'* 

(i) The identifier corresponding to this attribute 
should not be declared as a paramater to the 
procedure corresponding to the nonterminal if 
the following holds: 

(a) the use of the identifier is unique in 
this procedure 

(b) the identifier use is unique in the siblings 
of this procedure and in the ancestors of 
this procedure encountered in the scope 

c£ the identifier 

(ii) If this attribute is inherited and if there is 
no use of it at all the places the procedure 
corresponding to the nonterminal has been 
called then the identifier corresponding to this 
attribute can be declared as VAR parameter of 
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this procedure* If, in addition, there exists 
a synthesized attribute of the same domain as 
that of the above mentioned inherited attribute'!' 
then the declaration of the identifier corres- 
ponding to the synthesized attribute is consi- 
dered to be merged with the declaration of the 
corresponding inhe ited attribute identifier!' 
(iii) If the identifier corresponding to this attri- 
bute has not been made global so far and if 
its use is unique in all the subtrees of the 
parent of the procedure corresponding to this 
non-terminal then the identifier corresponding 
to this attribute should be declared as local 
to the parent procedure* 

(3) An identifier should be made global to the whole 
program if its use is unique throughout the 
program and it has been used very frequently in 
the whole program'.' 

(4) All the attribute variables needed for local use 
in production, not passed as inherited or 
synthesized attribute to the nonterminal in LHS . 
of a production, are declared as local variable 
in the block of the procedure corresponding to 


the LHS nonterminal'.' 
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3 *3 PROGRAM SEGMENT GENERATED BY TRANSFORMATION RULES 
In this section we illustrate Transf ormation Rules 
and PTS through an example T A production in our formal 
specification (L— EAG) is taken." We obtain an equivalent 
pascal program segment first only by application of trans- 
formation rules than by followhg Pragmatic Transformation 
strategy alongwith'”±t . 

As an example we take the following attribute grammar 
production : 

RS 

<TYPEDEFPART + Globa It ablec + Local table const + Filestocheck 
4 blockinf o 4 level 4 localtabletype> 

— >• LAMBDA <Here Localtabletype = Local tableconst> | 

‘TYPE* <Here Tabledefin = Localtable and Ptmames=NII> 
4ptmames + Tabledefin { <TYPEDEF 4 Globa It able 4Tabledef in 

4-Filestocheck 4 Blockinto. 4- level 
fTabledef out 4- ptmames 
f ptrname s out> * ; * 

} + + Ptmamesout +Tabledefout 
<CHECKFCRPTRNAMES 4 Globaltable/Tabledef in 4Ptmames> 
<Here Localtabletype = Tabledefin> 
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Thy Pollowinsf p/odf'Ptn rev-! Li> h,hr» * repsfci'&aLjoi. 

-» ^ivcii «,r. uei iiot, C('C (3<F'I , ed to t} j u pr/Hucl i on 

o^Li'i bubo io'oiiiiTif} r * 

proeodure rY & P PL!"PAR T { CLOP.M.T API SI i SYMBOL T AM fTYPr 9 

i OCA!. TABLP CONST t 

PTRENV ER0NMEN7 f 

FT LF3WCHFCN i P 'KNAMELST I YPfc ? 
Bl OCKINFC i BLOCKING f, TYPE? 

LEVEL t TNTFGERJ 
LOCAL TAPLEIYPE i 

SYMBOLTABLFTYPEJ 
AOCFSYS>FSYS t SETSOTSYSH 
var TABLEliFFTN J PTRENVIRONMENTJ 
TABLEDF-FQUT i PTRENVXRONMENT? 

P TRNAMES t P TRNAMELSTTYPF r 
PTRNAMESOUT S PTRNAML'LSTT YPEJ 
begin 

ease SYM of 
TYPESY J 

begin 

TABLEBEFIN t~ LOCAL T ABLECDNST r 
PTRNAMES J- lull 
if SYM"TYPESY 
then 
begin 

LEXANALYSE 

end 

else ERROR <ORD< TYPESY) » GLOBAL) ? - 
repeat 

TYPEBEF < GLOBALT ABLE r 
, TABLEBEFTNj 
FTLESTOCHE tJK? 
BEQCKINFO> LEVEL > 
TABLEDEFOUTp 
PTRNAMES r 
PTRNAMESOUT, 

' . TSEMICOLO f 
FSYS+ 

LSEMICOL f 1DENT r 
EQ3 + 

TYPEBENBEGSYS ) 9 
PTRNAMES t*- FTRNAMESGUfS 

, - * fABLEDEFlN J* TABLEDEPGUTJ 

1 • r 



if SYF-SEMTCQI 
then 

begi n 

LEXANALY3F 

end 

else ERROR (ORB (SEMI COL ) k 
GLOBAL) 

until not<SYi^ j n 

< rYPf:BE , NBESGYS+ 
riHENF /FO; 

OABESY |>> 9 

LOCAL TABLETYPE1 ?•=■ TABLEBEFINJ 
GLOBAL’! ABLECUEVCL+1 1 ♦ SYMENVIRON 
*=■ f GCAL'! ABLE TYPE * 
CHECKFORE fRNAMES < GL GBAL7 AB! I- '/ 

PTRNAMES ) P 

end? 

OTEHRS i 

begin 

LOCALTABLETYPE t-= 

LOCAL TABLF.CONST? 

end 

end 
end ? 

/ 

It ls evident from the erndi'am segment generated 
according to exact transformation rules that a lot of 
eurameters and local variables need to he declared? resulting 
In unusually large memory reouirements and run-time 
inef Pic i ©new* 

If we annlu transformation rules along with tiie FTS 
described m section 3*2? the resulting erogram segment is* 


sitofsysm 


v \ orrthiro rYPEDEFfAR I < ACDFSY3 t !• SYS S 
bed » n 

case SYM of 
TY°rsv t 
fo<> 

Lf RYM ' TYPFSY 
then 

bo si i r. 

lexanalysf: 

end 

Plw ERECR<U^•B^YPIrSY)yOLn&A , )i 
robe's t 

TYPEBLF ( CSEM JODI Jj. 

FS V S+ 

[ SEM [COL ? TDENT s 
EG1+ 

TYPEBFNBEGSYS) * 
if SYM-- SEMICO!, 
then 

' basil n 

LEXANALYSE 

end 

else ERROR ( ORB ( SEM TCOL ) * 
GLOBAL) 

unljl not<SYM m 

t TYPEDENBEGSYS+ 

LI DENT ?EQi 
CASFSY3 ) ) r 

CHECKFORPTRNAMES ( PTRNAMES ) J 
end* 

OTHERS i 
eiidJ 
end? 

All the parameters (except ACCFSYS and FSYS) and 
.local variably have been mado Global to the - procedure 
TYPEDEFPART . TABLEDEFIN and TABLEDEFOUT are wersled to one 
dlobal variable which is BYMFNVIRON component of top of the 
slack oP SYMBOl TABLE. Similarly PTRNAMFS and R;TRNAMESOUT 
are merged to one dlnbal variable PTRNAMES ♦ Since 
LOCALTABLE is always put on the top o** the stack of 
SYM8QLTABLE » the overridden operation is automatically 
implemented. 
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3 * 4 P 0MAINS USED FOR SYMBOL TABLE : GENERAL STRUCTURE 

SYMBOL TABLE is a domain consisting of static context 
synthesized during the declaration part of Pascal program'.' 
Various component domains are used, alongwith the composi- 
tion rules described in Section 2!4!1, to synthesize the 
complex domain, namely, SYMBOL TABLE'.' In this section we 
describe the significant underlying domains used in synthe- 
sizing the context . We present these domains in top down 
m a nner, i.e'!, first the constituent domains of the SYMBOL 
TABLE followed by the component domains of these constituen- 
ts and so on down the hierarchy'.' 

3.4!1 SYMBOL TABL E 

It is declared as stack of quadruples'^' The level of 
stack corresponds to local context of the Block encoun- 
tered at that nesting level! 

SYMBOL TABLE = Stack of <BLOCKINFO : BLKINFO* SYMENVIRON : 

ENVIRCN; REFTABINFO : REFTABLEINFO; 

LABELINFO s LABINFO> 

BLKINFO contains information about the TYPE (Proc, func, 
main or record) of the Block and the qualified name of 
the Block'! 

.qv MF.MTiTRQM. : is the context built through the identifiers 
declared in the Block! 

REFTABINFO contains the procedure identifiers declared 
and used in the block alongwith the related attributes 
used in solving the problem of ALIASING [sgh 81 ]i" 
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3N-*BELINF0 is the context built through the labels dec- 
lared in the block*' 

314 .'2 BLKINFO 

BLKINFO = <BLKNAME : BLKNAME TYPE; BLKTYPE :BLOCKTYPE> 
BLKNAME is the qualified name of the block'. 

BLKTYPE is the TYPE of the block (i'.'e.', Proc . , Func, 
Maim or Record) 

BLKNAMETYP E and BLOCKTYPE are described in /appendix 1 
and are self explanatory'. 

3.4 '.3 ENVIRON 

It denotes mapping from NAME to MODE.' 

NAME denotes the name of an identifier declared in 
the block'. MODE de s cribs s the attributes associated 
with the identifier'! 

3 .'4 .4 MODE 

MODE = <MODEKIND I KIND ; MODETYPE : TYPE ; IDLE VEL : LEVEL> 
MODEKIND reflects the place of declaration of the 
identifier in the declaration part of a pascal program 
(i'.'e!, CONST, TYPE, VAR or PROC/FUNC declaration)! MODETYPE 
is discussed in the next subsection. 

IDLE VEL is the level of the block in which the identi- 


fier is declared! 
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3 .'4 .'5 KIND 

The component domains of KIND are given in Appendix 1.’ 
We briefly present some of the non— self-expiatory domains 
and selectors'. 

CONTVAR : it is a selector whose use is specific to 
FOR LOOP control variable! 

EXP KIND : An actual parameter is an EXPRESSION! But 
if a formal parameter is a VAR parameter then the corres- 
ponding actual parameter must be ENTIRE VARIABLE! Thus 
the processing of an expression which returns its MODE, 
the MODEKIND is set equal to EXPKIND if the egression is 
not an ENTIRE VARIABLE"." 

BOUND ID s It denotes the KIND of identifiers which are 
declared as index variables in the indextype declaration 
of CONFORMANT ARRAY SCHEMA"! These identifiers are treated 
as constants though their value is not known at compile 
time! 

Example 

Type LIM = 1!!3; 

Procedure Test(!!! x: ARRAY [m . * N : LIM] OF CHAR; ...); 
Here the KIND of M and N is BOUND ID." Assigining reference 
to M and N is not allowed. 
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: Function name is treated as local variable 
inside the function block. The kind of this variable is 
made LOCALFUNC so as to allow assigning references to it',' 

PROCPLAN is an attribute associated with Procedure/ 
Function identifiers',' it is an ordered list cf TYPES of 
formal parameters',' 

If the kind of an identifier is FWDPROC or FWDFUNC 
then an additional attribute PROCENV is associated with it',' 
PROCENV consists of local context built during processing 
of formal parameter list of "forwarded" function or proce- 
dure',' When the block of the ‘forwarded 1 procedure/ function 
is encountered* the corresponding PROCENV is pushed onto 
top of the SYMBOL TABLE. 

FIELD ; If an identifier is declared as a field of a 
Record structure then there is an attribute KINDT AGLIST 
associated with it'.' The KINDTAGLIST contains a list of 
case tag variables alongwith the values they must have so 
that accessibility of this field of the record is valid'.' 

It helps in implementing variant part of a record structure 
as a discriminated union. 

3 .'4 .'6 TYPE 

TYPE = <TYPEACT ; TYPEACTUAL; FILESEIECT : BOOLEAN; 

FATHER PACKING : PACKING TYPE> 
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TYPE ACT consists of attributes . about the TYPE of an 
identifier'*' 

FILE SELECT indicates , if any, component of the TYPE 
of an identifier is of FILETYPE'; An assigning reference 
to a variable whose TYPE has ac component of FILETYPE 
(i.e., FILE SELECT = TRUE) is not allowed* 

FATHERPACKING : Packing information of TYPE of an iden- 
tifier is stored as FATHERPACKING for each of its compo- 
nent',' This helps in implementing the following rule: 
"Component of a packed structure should not be passed as 
an actual parameter if the corresponding formal parameter 
is a VAR parameter* 

3.4.7 TYPEACTUAL 

Its component domains are described in Appendix 1.' 
Here we discuss some of the non- self -explanatory componwnt 
domains and its selectors'.' 

( a ) ORDINAL : This selector indicates that the identi- 
fier declared is of ordinal type";' Two attributes 
ORD (domain type is ORDTYPE) and RANGE (domain is 
RANGETYPE ) are associate with it.' ORD classifies 
the exact ordinal type (i.e. , Integer, Char, 
Boolean or Enumeration)'. RANGE defines the set 
of values the identifier can be assigned to"." 
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ORDTYPE s* ( ORDTAG : ORDTAGTYPE ; ( INT | CHARR ! BOOLEAN 

! ENUM ( ENUML IS T jNAMSLSTTYPE; ENUMCOUNT i INTEGER) ) 
RANGETYPE = ( RANGETAG : RANGETAGTYPE j (ALL | SUBRANGE 

(FRANGE j INTEGER; LRANGE : INTEGER) I VALUED)) 

If an identifier is of enumeration type than two 
attributes ENUMLIST and ENUMCOUNT are associated with it".' 
ENUMLIST is an ordered list of all enumerated constants 
encountered in the declaration of the identifier and 
ENUMCOUNT denotes number of such enumerated constants'*' 
Each enumerated constant encountered in the enumeration 
list is also associated with the two attributes ENUMLIST 
and ENUMCOUNT'.' For every CONSTANT the selector chosen, 
in the domain RANGETYPE, is VALUED! The value of an 
enumerated constant is its ordinal position in the enu- 
meration list! Two objects of enumeration type or the 
enumeration constats are compa tible only if the ENUMLIST 
associated with both of them is identical! 

(b) ARRAYY ; This selector is used for identifiers of 
ARRAY TYPE! It has three associated attributes 
PACKING, INDEXTYPE and ELEMENTTYPE ! 
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Example 

TYPE ONE = ARRAY [l .".5, l.'.TO] OF CHAR; 

TWO as ARRAY [lT.5] OF 

ARRAY [lT. TO] CF CHAR; 

Types ONE and TWO are equivalent according to ISO 
definition of PASCAL* in our scheme all identifiers 
declared in the form of type ONE are converted to the 
equivalent representation of type TWO'.' 

In the above example TYPEACTUAL of type ONE will be 
stored, in the same manner as that of type TWO , as follows: 

ARRAY ( UNPACKED , INDEX1, EIEMENT1) 
where 

INDEX 3. = ORDINAL (INT, SUBRANGE (1,5) ) 

and 

TYPEACTUAL of ELE MEN T1 is stored as 
ARRAY (UNPACKED, INDEX2, ELEMENT2 ) 
where 

INDEX2 = ORDINAL (INT, SUBRANGE (1,10) ) 

and 

TYPEACTUAL of EIEMENT2 is stored as: 

ORDINAL ((CHARR, ALL) 

Exactly the same scheme is used for CONFORMANT ARRAY 


SCHEMA'.' 
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R SCORDD : This selector is used for identifiers whose 
TYPE is Record type* Domain associated with this selector 
is a cartesian product of four component domains PACK INGTYPE , 
LAYOUTTYPE, ENVIRONMENT and BTMPTRTYPE PACK INGTYPE gives 
information about pa ding of the record structure'.' Attributes 
associated with the rest of the domains are described belo w: 

(i) l ayout : it consists of list of TYPEACTUALs c£ the 
field of the record encountered in the fixed part 
of the record'.' Two record .types are compatible if 
their corresponding LAYOUTS are compatible! - 

(ii) ENVIRO N ; it consists of local context synthesized 
by the fields declared in the record structure'.' 

Any identifier in this environment can be accessed 
only after proper qualification by the record name'.' 

(iii) BTMPTR : This is used only in case of type compati- 
bility checking for the actual parameters of the 
system defined procedures NEW and DISPC8E'.' 

BTMPTR is a nested list structure # the nesting of a 
list corresponds to the nesting of the variant part in the 
Record! At each nesting level, the list consists of 
casetagtype and the case constants enco untered in the variant 
part nested at this nesting level in the record structure'.' 
Each case constant in this list contains a BTMPTR which is 
prepared in the variant part encountered in the variant 
corresponding to this case constant. 



Example 


TYPE LIM = 1 3; ENUM = (SUN, MON) 

REC = RECORD 

CASE L : LIM CF 
1 : ( ) ; 

2 ; (OISE Bool: BOOLEAN OP 

TRUE: (CASE ENUM OF 
SUN : ( ) ; 

MON : ( RAM : INTEGER ) ) ; 
FALSE: (CASE B: BOOLEAN OF 
TRUE : ( ); 

false : ( ))); 

3 : (CASE BOOLEAN OF 

TRUE :( ); 

FALSE: ( ) ) 

END; 


BTMPTR synthesized for this record is presented below in 


the form of nested list structure.’ 


r- 

typeactual 

1 

1 9 
i 2 

3 

OF LIM 

Hnil 

1 

i ? 1 

; | 

- 


typeactual 

Ordinal 

Ordinal 

OF BOOL 

value 

value 


} of 

j . 

TRUE 

i 

of false 

i 


1 i 


TYPEACTUAL 

Ordinal 

Ordira 1 

OF ENUM 

value 

value 

J 

of SUN 

of MON 

i 

NIL 

NIL 


i 

- -| [n r| - — r ^ j t 


TYPEACTUAL 
Of BOOLEAN 

Ordinal 

value 

Of TRUE 

Ordina 1 
value 
of false 


NIL 

NIL 


typeactual 

Of B 

Ordinal 
value 
of TRUE 

Ordinal 
value 
of false 


NIL 

NIL ' ' 
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(d) UNION 

Casetag of the variant part of a record is treated 
as a field in the fixed part of the record structure'. 

But it is associated with an additional attribute conveying 
whether the variant part is a free union or a discriminate 
union. The information about free or discriminated union 
is required only while type compatibility checking of two 
Record types. Thus UNION is used as .a selector for the 
casetag type while preparing LAYOUT of the record'* Associa- 
ted attributes with this selector are DISCRIMINATION and 
TAGTYPE';" TAGTYPE gives T YP EACTUAL of the casetag and 
DISCRIMINATION, indicates whether the corresponding variant 
part is a free union or discriminated union; - While putting 
casetag in the local environment of the record, it is 
treated as any other field of the record - no information 
about discriminated or free union is required - hence, UNION 
Is not used for this application’;' 

(e) POINTERR 

Since forward referencing is allowed in POINTER decla- 
ration, domaintype of a pointertyps nay not be Itaown at the 
point of declaration.' Therefore, TYPEACTUAL information 
for pointertypes just stores the address of identifier in 
the SYMBOL TABLE (i'.'eT, address (Name Mode)) whose TYPE 
is domain type of the pointer type* 
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(f ) FORMAL? ARCONST 

This selector indicates that the identifier is a 
formal parameter";" The attribute FORMALPARVAR associated 
with this selector contains information required for type 
compatibility checking with the corresponding actual 
parameters'." 

3 '.4 .‘8 FORMAL? ARTYPE 

FORMALPARTYPE = (PARTAG : PARTAGTYPS ; 

(SIMPLER AR (SIMPLE : SIMPLETYPE) j 
DEFAULT? AR (COM3 IMP LE : COMS IMP LSTYP E ) j 
POLYMORPH (COMSIMPLE : COMS IMP LSTYP E ) | 
POLYADIC ( COMS IMP LEsCOMS IMP LS TYPE ) ) ) 
COMS IMP LSTTYPE = COMS IMP LETYPE 56 

The selector DEFAULT? AR, POLYMORPH andPOLYADJLC are 
used to handle the type compatibility checking of 
operands which may be default, polymorphic or polyadiac 
in case of system defined procedures'* functions and 
operators'." For user defined procedure/f unction para- 
meter declaration only SIMPLER AR is selected"; 

3,;4'."9 COMS IMP LETYPE 

COMSIMPLETYPE = ( COMS IMP TAG : C OMS IMPTAGTYP E ; 

(VERYSIMPLE (SIMPLE : SIMP LETYPE ) 
FORMATTED ( FORMATS IMPLE :SIMPLSTTYPE ) ) ) 
The selector FORMATTED is used if formatting of the 
corresponding actual parameter is allowed to be specified 
alongwith the actual parameter "." In the system defined 
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procedures WRITE and WRITEIN we can specify format of an 
actual parameter, e'.'g';', 

WRITE (INT : 5; REEL : 10 si); 

Attribute associated with the selector FORMATTED is 
FORMATS IMPLS from the domain SIMPLSTTYPE • FORMATS IMPLE is 
an ordered sequence of simple TYPEs, the header of the 
sequence is to be matched with the corresponding actual 
parameter . Rest of the sequence contains info mat ion 
about formatting allowed with the corresponding actual 
parameter'.' it is not an error if the format of an actual 
parameter is not specified and a default formatting is 
assumed in the absence of explicit specification'.' 

3": _vio simpletype 

SIMPLETYPE « <LAS TP ROP AGATE D : BOODftN; CRITERIA: CRITERION 
NXTRROP :NEXTPRC!PAGATICN ;S IMPMODE: MODE; 
L/ATTICEVALUE : INTEGER> 

L/' iSTP R OPAGATED s Type compatibility checking of an actual 
parameter may have to be performed with a TYEE derived 
and. propagated by soma previous actual parameter^ Such 
a situation can arise only with the type compatibility 
checking of a system defined procedure, function or an 
operator'.' 
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A := A+B - Let A be of set type then the opera- tor 
PLUS requires that type of the second operand B must be 
compatible with the type of the first operand A.' 

PROPAGATION TYPE stores the type propagated from a 
previous actual parameter.' Thus LASTP ROP AGED indicates 
if the type compatibility checking of the corresponding 
actual parameter is to be performed with the PROPAGATION 
TYPE or the formal parameter type present in S IMPMODE,' 
CRITERIA : it classifies the class of type compatibility 

to be invoked for the matching of actual and formal para- 
meters 

LATTICE VATfflE 

Type compatibility checking of formal and corresponding 
actual parameter returns this lattice value!' It is used 
in Operator Identification and determining the resultant 
type of an operator or a function [sgh 8l]’.' 

3 14 I'll REFTABLEINFO 

REFTABLEINFO » 1j? ROC INFO MODEOFPROC}- 

P ROC INFO = <NAMEOFP ROC: NAME IDENT; LEVELOFP ROC : INTEGEP> 

P ROCMODTYP E = <REFLST sLSTOFLST /GLOBLST :LSTOFLST; 


PROCBLKDECTAG :BOOLEAN> 
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REFTABLE info iq jc 

[s g h 81] associated • ^ SOlVlng ^ ^ ALI * S;ENG 

J ssociated with procedures.- 

indiC — whether the block of the 
has been passed'. If th± procedure 

GLOBLST Q ttribute value is true then 

the r COntalnS 311 ^ V2rlableS *** -e global to 
Procedure a n d assigning references have been mad 
them “ «- statement part of the „ " t0 

PHOCB LIOTECTAg 1s * th£ ® 

rs FALSE thmREFLST or,ra+--> ■ 

actual v><= . contains the list Qf 

parameters, declared global to the 

"hloh have been passed durino th Procedure, 

ng the invocations of this 

procedure 

Pia r Sf ~ n rUlSS dSSCrlbea in *“*« 3 -a and 

^ - Transformation strategy of Section 3.2 greatly 

facilitated our tasV of ' 

* of program construction from the 

formal specification'.' They ai so helped in , k 

-*P e h ln the correct 

implementation of context sensitive 

sensitive issues of PASCAL 

programs. The task of program construction was close to 
a mechanical process tavolvlng ^ ^ ^ 

transformation rules at various stages. But still » feel 

that these transformation rules are not well -f 

not well foxmalized and t 

they do not encompass all the ripun 0 

^ tnG details pertaining to imple- 

mentation^uarther these transform -x-- 

transformation rules are more 
suitable it the formal specifications is Attribute 

Grammar, *eroa s Ke have specified Q ur problem in l-EAgt 
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e have followed pts very closely',' With this strategy 
tas.-c of converting a L-EAG production into a program 
ginent is no longer localized to this production only*' 

PTS requires scanning of various parts c£ L-EAG specifi- 
C tion dictated by the static nesting structure of the 
resulting program to accomplish this task;' For example 
the decision about making an attribute variable GLOBAL 
requires that we establish its unique use throughout the 
L oaG and, hence, correspondingly throughout the life 
time of the resulting program'.' It may seem to be a 
lengthy and very involved task but we could follow PTS 
quite mechanically and with ease'.' 



CHAPTER IV 


EPILOGUE 

The aim of this project was to obtain a formal basis 
for the specification of the static context in PASCAL 
programs and provide a basis for the conversion of the 
specification to program'.' We have been motivated to use 
L-EAgs because of their adaptability to LL(1) parsing : 
LL(1} provides a general basis for the structure of the 
program, in which is embedded the checks of static 
context obtained through L-EAG specif ration V 

Our experience is that the articulation of the L-EAG 
specification helped clarify several deep issues in the 
programming language PASCAL. The L-SAG used proved to 
be extremely concise at the same time completely defin- 
ing the context-free and context-sensitive syntax of 
To. seal . The underlying context free syntax was clearly 
visible'." The conciseness stems mainly from the free- 
dom to choose any suitable domains and operations for 
the attributes, and the ability to use attribute expre- 
ssions freely in the semantic rules. 

With regards to rules of transformation which con- 
vert L-EAG specification to pascal programs, the follow- 
ing observations are in order: 
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(a) Proper use of nesting of generated procedures 
can help in increasing the efficiency of the 
resultant program'.' 

(b) Aids to perform L-EAG to L-EAG transformation 

so that the resultant specification is efficient 
with regards to its utilization of attributes 
would be of great value. 

(c) The transformation rules that we have given 
pertain to Attribute Grammar and they need 
careful adaptation to L-EAG'*' 

The articulation of L-EAG specification , transforma- 
tion rules and Pragmatic Transformation Strategy used 
greatly facilitated in handcoding the program with confi- 
dence'.' The following observations are made in coding 
of this program: 

(1) Most of the bugs in the resulting program ori- 
ginated from the improper initialization of POINTERS 
which were elements of newly generated objects of various 
domains'! In retrospect, it would prove fruitful to write 
an allocation procedure for every dynamically creatable 
domain element so that the component pointers can be 
appropriately initialized'.' 
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'2) Use of identifier names too close to the stan- 
dard names in PASCAL should be avoided as far as possi- 
ble! For example we have used ORD as a field name in a 
record structure'. Thus inside a with statement, wherein 
the local environment of this record can be accessed 
without qualification, the standard function ORD cannot 
be used. 

(3) We have used files as a way out of the garbage 
collection problem whenever the end of a scope is en- 
countered! This is because of forward references to 
objects yet not defined within the scope.' This imple- 
mentation strategy can be avoided if all newly allocated 
domain objects are linked with respect to their logical 
use'. Garbage collection will merely involve the recycling, 
of lists no longer needed'.' proper implementation of 

this strategy would require central allocation and de- 
allocation routines for domain elements'.' 

(4) The ISO standard for PASCAL tightens several 
context-sensitive constraints imposed on a program! 

Almost all Pascal programs of any consequence do not 
satisfy the constraints imposed by ISO standard. The 
commonly detected errors by our processors are: 
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(a) improper uses of labels and goto * s 

(b) Modification of WITH RECORD variables 
encountered in withlist 

(c) Aliasing 

(d) Use of globally declared variables as 
control variables in FOR STMT".' 

We feel that some of these errors are reported be- 
cause of the strictness of the constraints and not be- 
cause of poor programming practice. 

Finally though we have derived L-EAG for PASCAL 
and our observations regarding transformation rules 
etc". t are specific to PASCAL, we feel that very similar 
strategies and much of what we have discussed is appli- 
cable to contemporary ‘typed* programming languages." 
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